Sulphated cholecystokinin octapeptide (CCK-8s) is involved in feeding regulation as an anorexigenic neuropeptide in vertebrates. In rodents, i.c.v. administration of has been shown to affect not only feeding behaviour, but also psychomotor activity.
| INTRODUC TI ON
Cholecystokinin (CCK) was first detected in the mammalian small intestine, stimulating the release of pancreatic enzymes and contraction of the gallbladder. 1, 2 The five C-terminal amino acid residues of CCK are identical to those of gastrin, and both peptides are considered to have evolved from the same ancestral molecule.
3,4
CCK and gastrin are widely distributed not only in vertebrates, but also tunicates and insects. 5, 6 CCK has multiple molecular forms, receptor (CCK B R). [11] [12] [13] [14] CCK A R mediates the action of CCK-8s on contraction of smooth muscle in the gallbladder, secretion of pancreatic juice and gastric emptying. [15] [16] [17] The anxiety-like behaviour, anorexigenic action and nociception elicited by CCK-8s are mediated by the CCK B R-signalling pathway in the brain. [18] [19] [20] Indeed, i.c.v. administration of CCK-8s affects psychomotor activity, 21 and administration of CCK-8s into the hippocampus, the amygdala and the periaqueductal grey induces anxiety in rodents.
22-24
Several studies have investigated CCK receptor systems and neuroendocrine functions in non-mammalian vertebrates and invertebrates. [25] [26] [27] CCK-binding sites have been observed in the goldfish brain and pituitary 28 and, subsequently, two subtypes of CCK receptor (CCK A R and CCK B R) have been identified in this species. 27 CCK A R mRNA is expressed mainly in the gastrointestinal tract, whereas CCK B R mRNA is distributed in brain regions such as the hypothalamus, telencephalon and vagal lobe. We have used the goldfish as an animal model to investigate the effects of neuropeptides on emotional behaviour and their regulation of food intake. 29 
| MATERIAL S AND ME THODS

| Animals
The goldfish used in the present study were obtained and maintained as described in our previous study. 32 The animal was placed in a stereotaxic apparatus, and a small part of the parietal bone was carefully removed using a surgical blade 
| Preference test using a tank with lower and upper areas
Before the experiment, fish were kept resting in a tank with a dark background for 2 hours. Then, another tank with upper and lower areas was used to investigate the preference of i.c.v. saline-injected fish. This rectangular experimental tank as described above was filled with 2.0-2.5 L of tap water. Each fish was placed at the bottom of the tank, and the time spent (minutes) in the lower or upper area was recorded for 30 minutes using a video-tracking system as described above. 
| Statistical analysis
All physiological and pharmacological results are expressed as the mean ± SEM. Statistical analysis was performed using one-or twoway ANOVA with Bonferroni's method or a paired Student's t-test. P < 0.05 was considered statistically significant.
| RE SULTS
| Effect of i.c.v. administration of gfCCK-8s, proglumide, FG-7142 and 5-HT on locomotor activity
Swimming distance (locomotor activity) of goldfish treated with 
| Preference test with i.c.v. saline-injected fish in a tank with lower and upper areas
Intracerebroventricular saline-injected fish that had been trans- 
| Immunohistochemical observation of CCK/ gastrin-like immunoreactivities in the brain
To relate CCK-8s-induced anxiogenic-like action and CCK in the brain, we investigated the localisation of CCK/gastrin-like immunoreactivity in the brain, especially in the anxiety-related regions. In the present study, we used rabbit antiserum raised against human CCK-8s and confirmed a weak cross-reactivity with human gastrin and its related peptides (data not shown). Therefore, this antiserum 
| D ISCUSS I ON
Goldfish have several merits as a species for investigations of behaviour, 39 and we have revealed that neuropeptides such as endozepine, including octadecaneuropeptide, which is derived from the diazepam-binding inhibitor, CRH and orexin A, are involved in the control of not only food intake, but also locomotion. 30, 32, 33, 43 In teleosts, locomotor activity is known to be affected by treatment with fluoxetine (a selective serotonin reuptake inhibitor). 47, 48 A previous study has indicated that i.c.v.-injected human CCK-8s decreases food intake. 49 In the present study, we found that, in goldfish, i.c.v. administration of gfCCK-8s affected the pattern of swimming but did not affect locomotor activity (Figure 1 ). However, apart from our preliminary study, 37 there has been no previous information about the possible psychophysiological effect of CCK-8s in non-mammalian vertebrates, especially teleosts. Therefore, in the present study, we attempted to clarify the effect of CCK-8s on psychomotor activity in goldfish using the upper/lower preference test for evaluation of behavioural changes after i.c.v. administration of test solutions.
Recent studies have sufficiently confirmed that the swimming pattern of fish (such as goldfish and zebrafish) in a tank can be used for psychophysiological evaluation, including that of anxiety-or fearing-like behaviour. 38, 39, [50] [51] [52] [53] [54] [55] [56] [57] The scototaxis test (dark/ bright background preference test) has been developed for the assessment of psychomotor activity in fish. [30] [31] [32] [33] However, in preliminary experiments, we found that some goldfish prefer the bright to the dark area, making it relatively difficult to examine the dark preference without selection prior to the experiments. Moreover, such artificial selection of goldfish may create data inaccuracies as a result of sampling bias. Therefore, in the present study, we used another preference test for assessing anxiety-like behaviour in goldfish. Fish preferred the lower to the upper area of the tank ( Figure 2) and our previous studies had demonstrated that FG-7142 (the CBR inverse agonist) extended the time taken to move from the lower to the upper area of the tank, whereas diazepam (the CBR agonist) appeared to exert effects opposite to those of FG-7142, indicating that the latter exerts an anxiogenic-like action, whereas diazepam evokes an anxiolytic-like action. 32, 33 Using this test, it has been revealed that i.c.v. administration of CRH and orexin A induces anxiety-like behaviour. 32, 33 The available data suggest that CRH and orexin A related to feeding control act as psychophysiological factors. 32, 33 We have therefore analysed swimming patterns to assess the effect of 11-14 CCK-induced anxiety has been considered to be mediated via the CCK B R-signalling pathway, 20 although CCK A R is also involved in CCK-induced anxiety in mice. 59 The present study is the first to have shown that CCK-8s also affects psychomotor activity in fish using a goldfish model, providing an example of a neuropeptide that regulates both food intake and psychophysiological activity in fish. Because CCK-induced anxiety-like behaviour was blocked by treatment with proglumide ( Figure 4 ), the action of CCK-8s in goldfish brain may be mediated by CCK receptors. In this species, the CCK receptors CCK A R and CCK B R have been identified and characterised. 27 Further studies aiming to clarify the mechanisms underlying the control of psychomotor activity and feeding behaviour by CCK-8s and its receptors (and the relationship between CCK-induced anxiogenic-like action and GABAergic action) in goldfish will be warranted. 49 studied the distribution of CCK/gastrin-like immunoreactivity in the goldfish brain, having previously described sites of CCK/gastrin-like immunoreactivity in relation to CCK-induced anorectic action and growth hormone release from the adenohypophysis. 60 We confirmed that neuronal cell bodies and nerve fibres with CCK/gastrin-like immunoreactivity are present throughout the goldfish brain (data not shown). In the present study, we also observed neuronal cell bodies and nerve fibres with CCK/gastrin-like immunoreactivity in the NH and the IPN ( Figure 5 ) and CCK in these areas would likely not be involved in feeding regulation. Because the NH and the IPN may be involved in the regulation of anxiety-like behaviour in zebrafish, 61, 62 it is likely that CCK-8s induces anxiety-like behaviour in goldfish.
Himick and Peter
In conclusion, the present study has shown that, centrally, CCK-8s has the potential to affect psychomotor activity perhaps via the CCK receptor-signalling pathway in goldfish. These data provide the first evidence for a role of CCK in the control of emotional behaviour in non-mammalian vertebrates.
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